A liquid chromatographic method was developed that provides a simple and rapid means of determining methyl anthranilate (MA) in carbonated and noncarbonated, artificial grape-flavored, nonalcoholic beverages. The proposed procedure, which was applied to 12 different products, uses a Nova-Pak C 18 column, a mobile phase containing acetonitrile-0.025M KH 2 PO 4 (40 + 60), pH 3.00, and UV detection at 220 nm. Assay values ranged from 0.35 to 16.6 mg MA/mL. The intralaboratory precision (relative standard deviation) for the products ranged from 0.51 to 2.23% (n = 5), and recoveries via fortification ranged from 83.6 to 102.4%. The limits of quantitation and detection were 0.00417 and 0.00125 mg/mL, respectively, and the analyte response was linear over a 100-fold concentration range (0.0001-0.01 mg/mL).
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T he methyl ester of anthranilic acid (methyl-2-aminobenzoate; Figure 1 ) is a major constituent in the Concord grape and other domestic varieties of Vitus labrusca, whereby it is responsible in part for the grape flavor and aroma (1) . Natural levels of methyl anthranilate (MA) in grape juice concentrate range from 0.1 to 4.0 µg/mL (2, 3) . MA was first isolated from the Concord grape in 1921 by Power and Chesnut (4) . Today, MA is used primarily as a synthetic flavorant (5) in soda beverages and noncarbonated drinks at levels of about 10 µg/mL. Other foods containing added MA include hard candy, chewing gum, jams, and jellies. MA has also found application as an avian repellent on crops that include rice (6) and blueberries (7) , in which residue levels of 0.15-5 µg/g have been reported. The related ester, methyl N-methylanthranilate (dimethyl anthranilate), has been used as a synthetic flavorant, but to a lesser degree than MA, and as an avian deterrent.
MA is a pale yellow liquid with a strong grape-like odor sometimes referred to as "foxy" in the wine industry. It is slightly soluble in water and soluble in many organic solvents including methanol, acetonitrile, and methylene chloride. It has a pK a of 2.23 (8) with an ester functional group that is quite stable under acidic conditions. Both the ester and the parent acid exhibit strong UV chromophores at about 220 nm, and 280 nm in acidic media.
Early analytical methods for MA, reported by Hesse and Zeitschel (9) and Erdmann (10), applied to essential oils and used gravimetry and titrimetry. A current official method for the determination of MA as a flavorant was adapted in part from the work of Erdmann and based on a collaborative study in 1928 (11, 12) . This procedure uses steam distillation of the ester followed by colorimetry or gravimetry.
During the past 25 years, a variety of analytical procedures for MA have appeared in the literature. Gas chromatographic (GC) methods for MA in wine (13) and Concord grape essence (14) have been reported, and fluorometry has been used for the analysis of Concord grape juice (2) . During the development of a fluorimetric detector for liquid chromatography (LC), MA was determined in several grape beverages by using a reversed-phase C 18 column (15, 16) . Colorimetric analysis involving an adaptation of the AOAC method based on diazo coupling of the primary amine function of MA was applied to several grape juice products and essences and compared with gas chromatographic analysis (17) . More recently, LC, under gradient conditions and with fluorometric detection, has been applied to the determination of MA in honey (18) and in brandies and fruit juices (19) . The last method was also designed for the detection of methyl N-methylanthranilate, although none was found in these products. Residue levels of MA on rice seed (20) and blueberries (7) have been determined with excellent sensitivity limits by using LC with UV and fluorometric detection.
The essential goal of the present work was to develop a simpler and more rapid means of determining MA in commercial nonalcoholic beverages by using reversed-phase LC under isocratic conditions with UV detection, as an alternative to older methodology. (c) Guard column. PO 4 , and passed through a 47 mm, 0.45 µm nylon membrane (Pall Gelman Laboratory) before use.
Standard Solutions
(a) Methyl anthranilate.-A stock standard solution (A) of methyl anthranilate (99%+, Aldrich Chemical Co., Milwaukee, WI) was prepared by transferring an accurately weighed 100 mg portion to a 100 mL volumetric flask, dissolving it in 70 mL mobile phase, and diluting to volume. Further dilutions of stock solution A were prepared in the same solvent at concentrations of 0.01 mg/mL (B) and 0.001 mg/mL (C) to provide working standard solutions for quantitation (C) and fortification (B and C). All solutions were stored in the dark under ambient conditions. The working standard solutions were prepared fresh daily. Procedure (a) Carbonated beverages.-A product volume of ca 100 mL was transferred to a 250 mL glass-stoppered Erlenmeyer flask and degassed by sonication for 2-3 min. A suitable volume of the degassed product was diluted with mobile phase to provide an on-scale response for MA similar to that for standard solution C (0.001 mg/mL). A 10-fold dilution was determined to be adequate in most cases, although several products were assayed without dilution after the degassing step.
(b) Noncarbonated beverages.-An aliquot of the product was diluted directly with mobile phase or treated without dilution.
System Suitability
The LC system was allowed to equilibrate for at least 1 h, 20.0 µL working standard solution C was injected, and the response was adjusted to 60-85% full-scale deflection. The relative standard deviation (RSD) based on the response (peak height) of 5 consecutive injections of standard C should not be >1.5%, with the retention time in the range of 7-8 min.
Determination
A suitable volume of the product or product dilution was passed through a 13 mm, 0.45 µm nylon membrane (Pall Gelman Laboratory). The first 1 mL was discarded, and 20.0 µL of the remaining filtrate or working standard solution C was injected under the described chromatographic conditions. Quantitation was performed by direct comparison of the responses (peak height) by using duplicate injections with a bracketing sequence. The analyses were performed in replicate (n = 5).
Recovery Study
With a volumetric or adjustable pipet, an aliquot of each product was combined with a volume of working standard solution B or C containing an amount of MA of similar magnitude, determined from the product assay, and carried through the proposed procedure. The fortified products and replicates of nonfortified products were analyzed during the same time interval. 
Results and Discussion
The assay results obtained by the proposed LC procedure for MA are shown in Table 1 . The data represent 12 commercial beverages, including both carbonated and noncarbonated types, from 10 different sources. Six of the products were labeled to contain "artificial and natural flavors"; 5, "artificial flavor"; and one, "natural flavors." The MA content varied from 0.35 to 16.6 µg/mL. Most products in this study were assayed from a single 1:10 dilution with mobile phase.
The intralaboratory precision of the method based on replicate analyses (n = 5) was excellent (Table 1) with RSD values of 0.51-2.23%; most values were <1.5%. The accuracy of the method was evaluated by single-level fortification of each product; recoveries were in the range of 83.6-102.4% with a mean recovery of 97.1% (Table 1) .
Typical chromatograms representing MA working standard solution C, a carbonated beverage, and a noncarbonated beverage are shown in Figure 2 . No interferences with the analyte response were observed for any of the products. The preservatives sodium benzoate and potassium sorbate can also be assayed with the proposed procedure by the addition of a second dilution of the product. The response at about 4 min in Figure 2B is due to benzoate. The 2 preservatives were only slightly resolved under the described conditions ( Table 2 ).
The procedure does not apply to grape juice products or concentrates because of the high concentration of anthocyanins in these beverages that partially mask the MA response. Products of this type may require an additional isolation step (e.g., solid-phase extraction).
Retention data for MA, related compounds, and selected beverage ingredients are summarized in Table 2 . The related flavorant methyl N-methyl anthranilate was tentatively identified, via retention time, in Product 6, which also exhibited the highest concentration of MA and was labeled to contain both natural and artificial grape flavors. The retention times of the 2 positional isomers methyl-3-aminobenzoate and methyl-4-aminobenzoate were noted to be somewhat shorter (3-4 min) than that of MA.
The response for MA was found to be linear over at least a 100-fold concentration range (0.0001-0.01 mg/mL, 5 data points) with a correlation coefficient of 1.0000. The estimated limits of quantitation and detection (LOD) were calculated to be 0.00417 and 0.00125 µg/mL, respectively, when measured at signal-to-noise ratios of 10:1 and 3:1, respectively. The optimal detection wavelength of 220 nm was selected from a UV spectrum of MA prepared in mobile phase.
There was no evidence of analyte loss due to the membrane filtration step before LC. Polyvinylidene difluoride (PVDF) was also found to be a suitable material for membrane filtration. Working standard solution C was observed to be stable under ambient storage for a period of 2 weeks when compared with a fresh preparation. However, it is recommended that all 3 standard solutions be stored in the dark where they remain stable for $2 months. The guard column cartridge should be replaced when carryover is observed after continuous assays of products without dilution.
The proposed method for MA offers obvious improvements over earlier official methods with regard to specificity. In addition, it is much faster and requires less manipulation. The method was also shown to be sensitive, precise, and accurate. 
